The conversion of land from existing uses to biofuel cultivation is expected to increase given concerns about the sustainability of fossil fuel supplies. Nonetheless, research into the environmental impacts of biofuel crops, primarily the hydrological impacts of their cultivation, is in its infancy. To investigate such issues, the response of a 1,649 km 2 semiarid basin to the incremental substitution of the widely discussed biofuel candidate switchgrass (Panicum virgatum L.) for native land uses was modeled using the Soil and Water Assessment Tool (SWAT). Median discharges decreased by 5.6-20.6% during the spring and by 6.4-31.2% during the summer, depending on the quantity of acreage converted. These were driven by an increased spring and summer evapotranspiration of 3.4-32.0% and 1.5-18.9%, respectively, depending on the quantity of switchgrass biomass produced. The substitution of switchgrass also resulted in larger quantities of water stress days than in baseline scenarios. The authors encourage the exploration of alternative biofuel crops in semiarid areas to mitigate such negative impacts.
INTRODUCTION
In addition to differences in management practices, impacts of biofuel cultivation have been shown to be region specific as a result of differences in climatic conditions (e.g.
Garoma et al. ).
For example, soybeans and cotton require more water than corn when planted in the Pacific and Mountain regions of the USA, but the opposite is true in the semiarid Great Plains (National Research Council ).
These differences, and sometimes contradictory results, point to a need for more studies investigating the impacts of biofuel production generally in different regions and bioclimatic environments. This study contributes to that goal.
STUDY AREA
The study area is part of the Middle North Canadian River The terrace and alluvium deposits are the main water-bearing portions of the aquifer, and it is believed that these deposits are hydraulically continuous and comprise a single aquifer system. These deposits contain poorly sorted sand and minor portions of gravel, silt and clay The MNCR lacks large impoundments although several small reservoirs exist.
MODEL DESCRIPTION AND METHODS
The response of the MNCR to the substitution of native land uses with switchgrass was investigated using SWAT, a slope for each sub-basin was used. In other words, land 
RESULTS

Calibration
The result of the calibration on total monthly discharge (in cubic meters per second or cms) at the watershed outlet is depicted in Figure 2 Table 5 .
The statistics for winter during the calibration and (p < 0.05). We hypothesize that higher rainfall results in greater switchgrass biomass accumulation, which then results in higher evaporative losses and therefore less water for discharge. Notice that the relationship is relatively weak for the 'nowwht' scenario. This may be explained by the fact that winter wheat relies more heavily on fertilizer applications, and less on precipitation, for growth. On the other hand, no statistically significant correlations exist between the magnitude of reduction in summer discharge and summer precipitation, implying that depletions in summer discharge are not a function of precipitation, explained below.
Spring and summer eT
The reductions in spring and summer discharge are driven by sizeable, statistically significant (p < 0.05) increases in eT (Figure 7(a), (b) ). Median increases during the spring vary from 4.3 mm ('nowwht' scenario) to 46.0 mm ('fert' scenario) and from 2.2 mm ('nowwht' scenario) to 24.0 mm ('fert' scenario) during the summer. These increases appear not to be functions of land area converted, but of the quantity of switchgrass biomass produced (Figure 8 ). This is evident from the disparate eT values under the 'noag' and 'fert' scenarios, despite these scenarios converting an identical acreage of switchgrass. It is evident that summer eT is greatly limited by available moisture, as the increases in spring eT exceed those of the summer by a factor of 1.3-2.3 despite higher summer temperatures relative to spring (Figure 7(a), (b) ).
Higher water stress during the summer is evident in the higher ratio of summer eT to rainfall (0.632) relative to that during the spring (0.536). These results are consistent with those reported by Lakshmi et al. () for an area situated just north of the MNCR. Additionally, the number of summer water stress days increases under all scenarios relative to baseline, resulting in an almost 300% increase under the 'fert' scenario in which the most switchgrass biomass is produced (Table 6 ). Under the 'fert' scenario, 48% of all summer days are water stressed. The increase in water stress days also explains the lack of a statistically significant relationship between precipitation and change in discharge (see above), as most of the MNCR's summer moisture supply is exhausted by the high evaporative demands.
Additionally, the statistical relationship between the change in eT (mm) and the change in discharge (cms) during the simulation years is stronger during spring months than in summer, which indicates a lack of requisite moisture during the latter period (Table 7) . Simply stated, the increase in summer eT associated with switchgrass production increases the quantity of summer water stress days in the MNCR. Table 7 indicates that moderately strong, statistically significant (p < 0.05) relationships exist between changes in eT and changes in discharge during all seasons and scenarios except for 'nowwht'. We therefore conclude that changes in discharge in the MNCR are driven by eT except in this scenario, which may be driven by the application of spring fertilizer with the subsequent increase in the growth of winter wheat. Ignoring the 'nowwht' scenario, it is also noteworthy that the coefficient of determination for this relationship decreases with the volume of switchgrass production. This is further evidence of the occurrence of water stress mentioned above, as only so much moisture is available to be lost by eT.
CONCLUSIONS
The current interest in biofuel crops is likely to lead to major land use changes in some watersheds with major impacts on regional hydrology. However, due to the still-evolving nature and summer seasons only. These seasons were therefore used to explore the hydrologic impacts of replacing various current land use types with switchgrass under different management practices. The major findings of the study are as follows.
1. Replacing any land use type with switchgrass reduces streamflow discharge. The decreases ranged from 6 to 21% (spring) and from 6 to 31% (summer). Overall, the reduction was greatest for the scenario in which native land uses were replaced by heavily managed switchgrass.
The degree of the reduction is a function of the amount of area replaced.
2. Switchgrass substitution also leads to increased eT relative to base period for all scenarios investigated. The increases ranged from 3 to 32% (spring) and 2 to 19% (summer). The scenario involving heavily managed switchgrass produced the largest increase in eT. Since climactic inputs are identical in all scenarios, we hypothesize that increased eT is most likely the result of the quantity of switchgrass biomass generated. These results suggest that the hydrologic impacts of switchgrass cultivation may be non-trivial. The possible effects of such impacts on the sustainability of the water supplies in a groundwater-dependent region already facing scenarios relative to baseline, and the quantity of switchgrass biomass (in 100,000 metric tons) during the spring and summer.
